The purpose of this study was to examine the relationship between sleep quality and health-related and diabetesrelated quality of life in adults with type 2 diabetes.
Results
More than half of the participants (55%) were "poor sleepers" according to the Pittsburgh Sleep Quality Index. After controlling for covariates, poor sleep quality was found to be a significant predictor of lower healthrelated quality of life as indicated by lower scores on both the physical and mental component scores of the Medical Outcomes Study 36-item Short Form health survey (SF-36). Poor sleep quality was also associated with worse diabetes-related quality of life, in particular lower scores on the Diabetes Quality of Life measure total score and the Satisfaction With Treatment and Diabetes Impact subscale scores.
Conclusions
These results suggest that poor sleep is common in type 2 diabetes and may adversely impact quality of life. Interventions to improve sleep hygiene can be suggested to patients by diabetes educators as part of diabetes selfmanagement education programs. T ype 2 diabetes is one of the most common chronic diseases in the United States, affecting 23.6 million people. 1 In adults aged 60 years of age or older, the prevalence of type 2 diabetes is more than 20%. Diabetesrelated complications, including cardiovascular disease, kidney disease, neuropathy, loss of vision, and lower extremity amputation, contribute significantly to the increased morbidity and mortality among persons with type 2 diabetes and cause a substantial economic strain on the health care system. 2 Type 2 diabetes inflicts a significant burden in terms of disability and impaired quality of life. 3, 4 Persons with type 2 diabetes report lower health-related quality of life (HRQOL) than the general population 5 . HRQOL is an important outcome for persons with type 2 diabetes, as it has been used to evaluate the impact of the disease and its treatment on individuals and health care costs. Worse HRQOL is associated with higher overall mortality in persons with type 2 diabetes. 6 The disease itself can have a negative impact on quality of life. 7 Several factors have been identified as predictors of HRQOL and diabetesrelated quality of life in type 2 diabetes, including older age, female sex, depressive symptoms, number of diabetic complications, presence of comorbidities, and insulin use. [7] [8] [9] [10] [11] Poor sleep is a common feature of type 2 diabetes. 12 Difficulty initiating and maintaining sleep, daytime sleepiness, and poor sleep quality have been reported by persons with type 2 diabetes. [13] [14] [15] These sleep disturbances are more frequent in those with type 2 diabetes than in age-and sex-matched controls. 12, 16 Although sleep disturbances have been shown to decrease HRQOL in several chronic illnesses, [17] [18] [19] [20] the effect of poor sleep on HRQOL and disease-related quality in type 2 diabetes has not been previously examined. The objective of this study was to assess the impact of sleep quality on HRQOL and disease-related quality of life in persons with type 2 diabetes.
Methods

Study Population
The data presented here were collected as part of a randomized clinical intervention trial that examined the impact of a counseling intervention on medication adherence among adults with type 2 diabetes and concurrent hypertension and hyperlipidemia (PI: J. Dunbar-Jacob). For the parent study, 345 patients over the age of 40 who had physician-diagnosed type 2 diabetes for at least 1 year and were taking oral medication for at least 2 of the 3 diagnoses were enrolled in the study. This article presents a secondary analysis of descriptive cross-sectional data collected at the baseline assessment in the intervention trial. Of the 345 participants enrolled in the original study, 45 were excluded from analysis because of missing data on the study variables of interest. All participants gave written informed consent, and the study was approved by the institutional review board of the University of Pittsburgh.
Measures
Sleep quality. Sleep quality was measured using the Pittsburgh Sleep Quality Index (PSQI). 21 The PSQI assesses quality of sleep during the past month and contains 7 component scales: sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbances, use of sleep medication, and daytime dysfunction. Each component is scored from 0 to 3, yielding a global PSQI score ranging from 0 to 21, with higher scores indicating worse sleep quality. A global PSQI score greater than 5 has been found to have a sensitivity of 89.6% and specificity of 86.5% in differentiating good from poor sleepers. 21 Quality of life. The Medical Outcomes Study 36-item Short Form health survey (SF-36) is one of the most widely used questionnaires for assessing health-related quality of life. 22 The SF-36 contains 36 items evaluating 8 dimensions of health: physical functioning, role limitations due to physical problems, bodily pain, general health perceptions, vitality, social functioning, role limitations due to emotional problems, and mental health. Each dimension is scored on a 0 to 100 scale, with higher scores indicating better functioning. In addition, the SF-36 includes 2 composite summary scores: the physical component score (PCS) and the mental component score (MCS). The PCS and MCS are standardized to a mean (SD) of 50, 23 with lower scores indicating more significant dysfunction. The SF-36 demonstrates high reliability and validity in a variety of diseases. [24] [25] [26] Diabetes-related quality of life was measured using the Diabetes Quality of Life measure (DQOL). 27 The questionnaire contains 52 items and is composed of 4 subscales: Diabetes Life Satisfaction, Diabetes Impact, Diabetes-Related Worry, and Social/Vocational Worry. The Diabetes Life Satisfaction items assess satisfaction with treatment. The Diabetes Impact items assess impact of treatment. The Diabetes-Related Worry items assess how often participants worry about the future effects of diabetes. The Social/Vocational Worry items assess social and vocational issues, such as getting married, getting a job, and completing their education. The questionnaire was originally developed for use among young adults with type 1 diabetes 27 but has been used in type 2 diabetes populations. 28 The Social/ Vocational Worry scale will not be included in the analyses because the items are not relevant to mid-to late-life adults. Each item is rated on a 5-point scale, and a total score is obtained by averaging scores for all 4 subscales, with lower scores indicating better QOL. Cronbach's alphas have been reported as 0.46 to 0.92 for the subscales. 28 Other variables. Age, sex, years since diabetes diagnosis, number of physician-diagnosed comorbidities, and insulin use were obtained from sociodemographic and comorbiditiy questionnaires developed as part of the Center for Research in Chronic Disorders, University of Pittsburgh's School of Nursing. The number of diabetic complications was determined by assessing whether participants reported having been diagnosed with coronary artery disease, peripheral vascular disease, stroke, nephropathy, retinopathy, or neuropathy. Depressive symptoms were assessed by the Beck Depression Inventory-II (BDI-II). 29 Scores for the 21 items range from 0 to 3, reflecting the frequency with which the problem occurs. A total score is obtained by summing the scores for the 21 questions (range, 0-63). The BDI-II has high internal consistency (ranging from 0.86 to 0.93) and high test-retest reliability. 29
Data Analysis
Descriptive statistics for continuous variables were expressed as means and standard deviations (SD). Categorical variables were described as frequencies with percentages for the total sample and by sleep quality status. Spearman correlation coefficients were used to examine associations between continuous variables. Student's t test was used to compare the means of normally distributed variables between "good sleepers" (PSQI ≤5) and "poor sleepers" (PSQI >5), and the Mann-Whitney U test was used for variables that were not normally distributed. The χ 2 test was used to analyze differences between categorical variables. Bonferroni correction for multiple comparisons was used. Twenty-one independent tests were carried out; thus, a P value of <.002 was regarded as significant. Multiple linear regression analysis was used to examine the relationships between sleep quality and HRQOL and diabetes-related quality of life (a total of 6 models) while controlling for covariates. The SF-36 MCS and PCS were used as the outcomes variables in preference to the individual domains of the SF-36 to limit the number of regressions. The DQOL total score and the satisfaction, impact, and diabetes-related worry subscales of the DQOL were also used as outcome variables in the regression analyses. Bonferroni corrections were used, where a significance cutoff (0.05 divided by 6 models) was set at <0.008.
Results
Sample
A total of 300 individuals with type 2 diabetes were included in the analyses. Characteristics of the participants are presented in Table 1 . Mean age of the sample was 63.9 years (SD 10.4 years). More than half the participants were females (57%, n = 171). Participants had type 2 diabetes for an average of 9.4 years (SD 7.3 years) and reported an average of 6 (SD 3.1) comorbidities. Fifty-five participants (18%) had 2 or more diabetic complications. Only 35 participants (12%) were using insulin.
Sleep Quality
The mean (SD) PSQI global score was 6.6 (3.7). One hundred and sixty-four participants (55%) were poor sleepers (global PSQI >5). Poor sleepers had significantly poorer SF-36 PCS and MCS and poorer functioning on each of the 8 domains of the SF-36 (all P < .001) ( Table 1) . Additionally, poor sleepers had poorer diabetesrelated quality of life. There were no differences in insulin use between good and poor sleepers (all P < .001). Using the Bonferroni method to adjust for multiple comparisons, the difference in sleep quality between males and females was not significant (P = .03). Poorer sleep quality was associated with a higher number of comorbidities, greater number of diabetic complications, and higher levels of depressive symptoms but was not associated with age or years since diabetes diagnosis ( Table 2 ). The PSQI global score was significantly correlated with the SF-36 PCS and MCS and the 8 domains of the SF-36 (all P < .001). Poorer sleep quality was also associated with lower DQOL total score and lower scores on the satisfaction, impact, and diabetes-related worry subscales of the DQOL (all P < .001). 
Quality of Life
The mean (SD) scores for the SF-36 PCS, MCS, and the 8 domains are shown in Table 1 . The mean (SD) SF-36 MCS was 51.1 (11.2), compared with the mean (SD) SF-36 PCS of 42.9 (10.3), suggesting lower mental than physical health quality of life. Accordingly, among the SF-36 domains, participants reported more impairment in the mental health parameters than the physical parameters. In particular, social functioning and role limitations due to emotional problems were the most impaired, with means of 81.7 (22.7) and 81.6 (24.4), respectively. There were significant inverse correlations between age, years since diabetes diagnosis, number of comorbidities, number of diabetic complications, BDI-II, and SF-36 PCS. The SF-36 MCS was positively correlated with age and negatively correlated with number of comorbidities and BDI-II (Table 3 ). There were no significant differences in SF-36 PCS or MCS between males and females. Participants using insulin had poorer SF-36 PCS than those not using insulin.
The mean DQOL total score was 2.0 (SD 0.6). The mean DQOL satisfaction, impact, and diabetes-related worries subscale scores were 2.4 (SD 0.7), 2.0 (SD 0.6), and 2.0 (0.8), respectively ( Table 1 ). The DQOL total score and the satisfaction, impact, and diabetes-related worry subscale scores were correlated with age, number of diabetic complications, and BDI-II (all P < .05). DQOL total score was not significantly associated with number of comorbidities. There were no differences in DQOL total scores or subscale scores between females and males. Participants using insulin had poorer DQOL total score and satisfaction and impact subscale scores than those not using insulin.
Sleep Quality and Quality of Life
Multivariate analyses controlling for covariates were conducted to examine the associations between sleep quality and HRQOL and diabetes-related quality of life (Tables 4 and 5 ). After adjustment for age, number of comorbidities, diabetes duration, number of diabetic complications, insulin use, and depressive symptoms, sleep quality was a significant predictor of SF-36 PCS (β = -0.40, P < .05). Number of comorbidities (β = -0.88, P < .001) and depressive symptoms (β = -0.39, P < .001) were significantly associated with SF-36 PCS. Similarly, sleep quality was a significant predictor of SF-36 MCS after controlling for the above covariates (β = -0.46, P < .01). Only depressive symptoms were associated with SF-36 MCS (β = -0.91, P < .01).
Sleep quality was a significant predictor of DQOL total score (β = 0.03, P < .01), DQOL satisfaction score (β = 0.05, P < .001), and DQOL impact score (β = 0.04, P < .001), after controlling for age, number of comorbidities, diabetes duration, number of diabetic complications, insulin use, and depressive symptoms. Sleep quality was not associated with DQOL diabetes-related worry score even after adjustment for covariates. Depressive symptoms were associated with DQOL total score (β = 0.04, P < .001), DQOL satisfaction score (β = 0.05, P < .001), and DQOL impact score (β = 0.03, P < .001), and age was significantly associated with DQOL satisfaction score (β = -0.02, P < .001).
Discussion
To our knowledge, this is the first systematic investigation of the impact of poor sleep on quality of life in type 2 diabetes. Using a validated measure of selfreported sleep quality, we found that more than half (55%) of our participants with type 2 diabetes had poor sleep quality. Comparatively, previous studies have identified between 45% and 67% of persons with type 2 diabetes to have poor sleep quality and/or difficulty initiating or maintaining sleep. [12] [13] [14] [15] Poor sleepers in our sample tended to be younger, to be female, to have more comorbidities, and to have higher levels of depressive symptoms than good sleepers. Compared with good sleepers, poor sleepers had significantly worse HRQOL, including all 8 domains of the SF-36 and the SF-36 MCS and PCS, and worse diabetesrelated quality of life, including the DQOL total score and the satisfaction, impact, and diabetes-related worry subscales. These findings suggest that poor sleep quality may adversely affect both emotional well-being and physical functioning, contributing to decreased HRQOL and diabetes-related quality of life in persons with type 2 diabetes. Poor sleep quality and sleep disturbances reported by participants with type 2 diabetes in our study could have been influenced by a number of factors. Pain due to peripheral neuropathy and nocturia are diabetes-related factors that have been associated with frequent nighttime awakenings. 14, 30 On the PSQI, more than half (61%) of our sample reported having to get up to use the bathroom during the night 3 or more nights a week and roughly a quarter (28%) of participants reported having pain that disturbed sleep at least 1 time per week. Other sleep disturbances such as sleep apnea and restless legs syndrome can cause frequent nighttime awakenings. Sleep apnea is common in individuals with type 2 diabetes 31 ; thus, it is possible that sleep apnea contributed to poor sleep quality in our study. Although sleep apnea was not assessed in this study, disturbances in sleep due to snoring or coughing 3 or more times a week were reported on the PSQI by 20% (n = 59) of our sample. Restless legs syndrome has been identified in 18% to 27% of adults with type 2 diabetes. 12, 15, 32 Those with type 2 diabetes and restless legs syndrome have poorer sleep quality than those without restless legs syndrome. 15, 33 However, one study found no differences in insomnia between adults with type 2 diabetes with and without restless legs syndrome. 12 In the present study, HRQOL was associated with age, years since diabetes diagnosis, number of comorbidities, number of diabetic complications, insulin use, and depressive symptoms, consistent with previous findings. [7] [8] [9] [10] [11] Sleep quality was associated with number of comorbidities, number of diabetic complications, and depressive symptoms. Poor sleep quality was associated with poorer HRQOL and diabetes-related quality of life after controlling for age, years since diabetes diagnosis, number of comorbidities, number of diabetic complications, insulin use, and depressive symptoms. Sleep quality was not associated with DQOL diabetes-related worry subscale score even after adjustment for covariates. Previous findings in both the general population and chronic disease populations support the link between poor sleep quality and impaired HRQOL. [17] [18] [19] [20] 34 Poor sleep quality may negatively affect quality of life related to the satisfaction of treatment and impact of treatment for type 2 diabetes. Further research is needed to clarify the relationship between sleep quality and treatment satisfaction and beliefs, but clearly poor sleep has the potential to reduce patients' satisfaction with treatment and contribute to beliefs that treatment does not have a significant impact on diabetes self-management.
One limitation of this study was that sleep was subjectively assessed and no objective measures of sleep were obtained. Consequently, we are unable to ascertain the underlying causes of insomnia and sleep disturbances in this population. Another limitation is the cross-sectional design, which precludes us from establishing cause and effect in the associations examined. Additionally, although the study aimed to control for known potential confounding variables of the relationship between sleep quality and quality of life, it was not possible to assess and control for all variables that can affect sleep quality and quality of life.
Conclusions and Implications
Our results suggest that poor sleep is common among persons with type 2 diabetes and that poor sleep quality is associated with HRQOL and diabetes-related quality of life, in particular satisfaction with and impact of treatment. These findings emphasize the importance of screening new patients for sleep problems, making a referral to a sleep medicine specialist if appropriate, and suggesting sleep hygiene strategies as part of diabetes management. The diabetes educator can play a key role in assessing sleep and providing easy to implement interventions to improve sleep hygiene. 35 
